EUSO-TA is a pathfinder experiment for the space based JEM-EUSO mission for the detection of ultra-high energy cosmic rays. EUSO-TA is an high-resolution fluorescence telescope installed in front of the Black Rock Mesa fluorescence detectors of the Telescope Array (TA) experiment, in Utah (USA). At the TA site, a Central Laser Facility is installed for calibration purposes, since it emits laser beams with known energy and geometry. EUSO-TA consists of two 1 m 2 Fresnel lenses, with a field of view of 10.5
I. INTRODUCTION
EUSO-TA [1] is a pathfinder detector of the JEM-EUSO project [2] . The aim of JEM-EUSO is to detect the rare ultra-high energy cosmic rays (UHECRs) from space, observing the UV fluorescence light emitted by cosmic ray extensive air showers (EASs) through the atmosphere, which is used as an huge calorimeter. The purpose of the EUSO-TA experiment is to validate some aspects of the observation principle of JEM-EUSO detecting EASs from ground. Indeed, it is located at the Telescope Array (TA) [3] site in Utah (USA), in front of the Black Rock Mesa fluorescence detectors (BRM-FDs) station [4] , both visible in Fig. 1 .
FIG. 1:
The EUSO-TA dome in front of the BRM-FDs station.
II. DESIGN
EUSO-TA has the same basic design used also in EUSO-Balloon [5] and EUSO-SPB [6] telescopes, other two JEM-EUSO pathfinders dedicated to the validation of the detector design. The optical system is made by two 1×1 m 2 flat lenses, 8 mm thick each. The design of the optical system is visible in Fig. 2 left. The front side of the front lens and the back side of the rear lens have a plane surface, which is useful for EUSO-TA in order to clean the dust easily, since it is placed in a desert area. The back side of the front lens and the front side of the rear lens have a Fresnel structure. They are made of UV grade polymethyl-methacrylate (PMMA) and details about their manufacture can be found in [7] . The optical system allows to EUSO-TA a Field Of View (FOV) of 10.5
• . The EUSO-TA focal surface has a concave shape. It consists of one Photo Detector Module (PDM), which is a 17 × 17 cm active surface composed by an array of 6 × 6 Hamamatsu R11265-M64 MAPMTs. Groups of 2 × 2 MAPMTs form the Elementary Cells (ECs). The PDM is shown in Fig. 2 right. Each MAPMT is a matrix of 8×8 pixels with 2.88 mm side for a total of 2304 pixels over the whole PDM. An UV transmitting band pass filter (Schott BG3) in the range 290 nm-430 nm is glued on top. Each pixel has a gain (electron multiplication ratio) of more than 10 
III. OPERATION
As all the fluorescence cosmic ray detectors, EUSO-TA works in night time and possibly in clear sky conditions, to reduce effects of atmospheric and cloud attenuation. The elevation of the instrument can be manually changed from 0
• to 25
• , whereas the azimuth is fixed to 53
• from North counterclockwise, being the telescope pointing to the CLF direction. One advantage of the EUSO-TA location is the possibility to use one of the systems developed by the TA collaboration for calibration purposes: the Central Laser Facility (CLF) [8] . The CLF is a laser facility 21 km distant from BRM-FDs which shoots every half an hour 300 laser pulses vertically with a frequency of 10 Hz at a known energy, with a typical energy of4 mJ that can be adjusted. The light scattered from the beam is equivalent to that produced by an equally distant UHECR with energy of 10 19.5 eV. The second advantage is to have the possibility to acquire data in coincidence with BRM-FDs (external trigger ). Indeed, in case of a trigger signal received by BRM-FDs, EUSO-TA starts to save the data from the buffer in packets of 128 Gate Time Units (GTUs), which otherwise would be overwritten (one GTU corresponds to 2.5 µs, and represents the time resolution of the data acquisition). This is an important point since this acquisition mode allows to know that EUSO-TA could have detected an event and, from the shower reconstruction made by the TA experiment, the nature of the event (i.e. direction, distance, energy etc.) would be then known and used for further analysis. However, since the FOV of TA is about 30 times the FOV of EUSO-TA, the amount of data saved is larger than the actual data containing events, that makes the research of events more challenging. Another acquisition mode consists in using an internal trigger, also called first level trigger (L1) [9] , implemented for the JEM-EUSO experiment. The L1 principle consists in counting an excess of signals over background in groups of 3 × 3 pixels lasting more than a preset time. The internal trigger has been tested, but the current FPGA allows the implementation of the trigger logic only for a few ECs. For this reason, most of the data have been acquired with the external trigger.
IV. ANALYSIS AND SIMULATIONS
The detected events have been analyzed and simulated, but as an example, only the first detected event is discussed in detail in this contribution. It has been detected on the 13th May 2015 in external trigger mode and, since it was with about 2.5 km relatively close to the detector, it lasted 1 GTU.
A. Overall event analysis
A study on the variability of the background has been done to evaluate if the presence of CR event signal influences in an evident manner the mean of the pixels' content of a whole frame. For this purpose, 128 frames corresponding to the packet of GTUs containing the detected event have been taken into account. For each frame the mean value of the pixel contents has been calculated and the 128 mean values are plotted in Fig. 3 . It shows the sequence of 128 mean values and, with red mark, the frame with signal from the CR event is highlighted (frame number 83 in the graph). It is evident that the contribute of the CR event is easily visible over the base line of the background. Unfortunately, from the same study on other detected events it has been found that for events spread on more than one GTU, it is impossible to find the frames with the CR event since the contribution of just a segment of the whole event track has the same magnitude as the background fluctuations. 
B. Event simulation
Two simulation frameworks are used in the JEM-EUSO collaboration: EUSO-Offline [10] and ESAF [11] . In this work, results of simulations made with EUSO-Offline are discussed. Improvements regarding the telescope and electronics simulators have been recently made in EUSO-Offline, that made the simulations properly comparable with the data. Continuing the discussion on the 13th May 2015 event, we consider the comparison between the data and simulation. Tab. I shows the event reconstruction of this event performed by TA experiment, together with the elevation angle that EUSO-TA had during the data acquisition. Most of these information are required as input in the simulation and are marked with a star in the table: zenith and azimuth (counterclockwise from East) angles of the shower, energy of the primary particle, coordinates of the shower core on ground (in the UTM coordinate system, zone "12" band "S") and the elevation of EUSO-TA. In Fig. 4 the comparison between the detected (a) and the simulated (b) event is shown, where both the frames show the number of counts on the full PDM. The simulation itself has been summed to a frame of background extrapolated from the data, from the same packet of GTUs where the event is saved. The white blocks correspond to not working MAPMTs, where correspondingly also the simulation has been masked. They look in good agreement from a visual point of view: the number of counts, the inclination and width of the tracks look similar. In (c), the same event as detected by BRM-FDs within BRM-FD's 51.2 µs window is shown, with EUSO-TA's FOV overlapped. It is visible that the spatial resolutions are higher for EUSO-TA, although the FOV is quite smaller. A quantitative comparison is done considering the counts distribution of the data, the simulation with background and the background itself, as shown in Fig. 5 . The not working PMTs are not considered in the analysis. The distributions of data and simulation differ slightly. The difference probably resides, at least in part, in the impossibility to reproduce the exact background frame existing at the moment when the frame with the event was taken. But it is interesting to see how both the distributions start to show an excess respect to the background at counts ≥ 2.
FIG. 5:
Comparison between the counts distributions of data, sum of simulation and background and background.
V. STATISTICS
In the year 2015 four data tacking campaigns have been done in coincidence with BRM-FDs, and one in 2016, for a total of about 140 hours. Up to now four events are considered surely detected. Two of them are related to close showers, lasting 1 GTU, while the other two, at further distances, last 2 and 3 GTUs. To give a reference, events with distance R p ≥ 2.5 km should have an energy E ≥ 10 18 eV to be detected. A study on all the events detected by BRM-FDs and passing inside the EUSO-TA FOV is ongoing. First, each event is simulated and, if visible in the simulation, it is searched in the data, with the help the timestamp of the corresponding TA event. A direct research of the events in EUSO-TA data just via the timestamp of the TA events is not efficient, because of a not constant time shift between the timestamps of the events of the two experiments and because of the different time resolutions. Currently, four more events found in the data are considered as candidate events, and further analysis is proceeding in order to ensure their classification. The collected statistics is compatible with the expectations from preliminary analysis.
VI. CONCLUSIONS
EUSO-TA is currently active and is successfully collecting data. The Offline simulation framework has been improved and it is able to simulate quite well the events. Further analysis on the not detected events are ongoing to search for not yet seen events in EUSO-TA data.
